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(57) Abstract: An etching method and apparatus for etching a silicon substrate so that the uneveness of the surface of the structural 
surface formed by the etching is decreased to below a predetermined value. An etching mask is formed on a silicon substrate (S). The 
substrate is placed on a base (3) of an etching apparatus (1), and in this state, an etching gas (SF6) and a passivation film forming gas 
(C4F8) are supplied into a chamber (2). The etching gas (SFe) and the passivation film forming gas (C4F8) supplied into the chamber 
(2) are changed into a plasma by a coil (16) to which high-frequency power is applied. Mainly the etching land is dry-etched if, 
for example, a large volume of SFe gas is supplied while applying high-frequency power to the base (3), and contrarily, mainly a 
passivation film is formed on the etching structural surface if a large volume of C4F8 gas is supplied. By repeating this processing, a 
deep trench having a smooth structural surface can be formed. 
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AND ETCHING APPARATUS 

SPECIFICATION 

<EXCERPT from page 6, line 18 to page 14, line 25> 

According to this etching method, in a process where the dry 
etching Is progressed mainly on an etching ground, the etching 
ground is etched by etching gas and ion Irradiation, and at the same 
time, a structure surface, which is formed sequentially by etching 
and is perpendicular to the etching ground, is promptly covered 
with a protection film resulted from a protection film forming gas, 
and in a following process for forming a protection film, the 
perpendicular structure surface is covered with a protection film 
more firmly. Thereby, It Is possible to completely prevent side 
etching and undercut, and to decrease unevenness of the 
perpendicular structure surface to be less than 200 nm. 

Therefore, in the etching method, a little volume of protection 
film forming gas is supplied in the process for progressing the dry 
etching, and a large volume of protection film forming gas is 
supplied in the process for forming the protection film, so that it is 
possible to increase an etching rate in the process for progressing 
the dry etching, and on the other hand in the process for forming the 
protection film, it is possible to form firmer protection film. 

Further, by increasing electric power applied to the silicon 
substrate in the process for progressing the dry etching, and by 
decreasing the electric power in the process for forming the 
protection film, an ion irradiation speed in the process for 
progressing the dry etching can be increased thereby increasing the 
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etching rate, and on the other hand in the process for forming the 
protection film, a degree of peeling of the protection film formed on 
the perpendicular structure surface due to the ion irradiated from a 
diagonal direction can be restrained to be quite low, so that a firm 
protection film can be formed. 

Still further, by using reactive gas as the etching gas, it is 
possible to etch the silicon substrate at better etching rate. 
Note that an example of the reactive etching gas Is SFe or the like. 

Further, in the etching process, etching gas which Is changed 
to plasma, and the protection film forming gas are used, and 
high-frequency electricity used in generating the plasma is 
increased in the process for progressing the dry etching and is 
lowered in the process for forming the protection film, so that it is 
possible to increase an etching rate in the process for progressing 
the dry etching. 

Note that the above etching process may start mainly from 
the process for progressing the dry etching and repeat each process, 
or may start from the process for forming the protection film and 
repeat each process, but the starting from the process for forming 
the protection film is preferable since the unevenness is more 
decreased. 

Moreover, the above-mentioned etching method can be 
appropriately Implemented by the following etching apparatus. 

That is, this etching apparatus has: an etching chamber which 
stores a silicon substrate to be etched; a base which is arranged at 
a lower part in the of the etching chamber and on which the silicon 
substrate is placed; an etching gas supply unit which supplies 
etching gas into the etching chamber; a protection film forming gas 
supply unit which supplies protection film forming gas into the 
etching chamber; a decompression unit which depressurizes the 
etching chamber; and a coil which Is arranged at a outer 
circumference of the etching chamber to face the etching chamber. 



also includes: a plasma generation unit which supplies 
high-frequency electricity to the coil and changes the etching gas 
and the protection film forming gas supplied into the etching 
chamber, into plasma; a base electric power supply unit which 
supplies the high-frequency electricity to the base; a gas mass flow 
control unit which controls a volume of the etching gas and the 
protection film forming gas supplied into the etching chamber, by 
the etching gas supply unit and the protection film forming gas 
supply unit; a coil power control unit which controls electric power 
supplied to a coil of the plasma generation unit; and a base power 
control unit which controls electricity supplied to the base by the 
base electric power supply unit, and the gas mass flow control unit 
supplies the protection film forming gas consecutively into the 
etching chamber and also supplies the etching gas intermittently 
into the etching chamber. 

Note that the gas mass flow control unit may supply a large 
volume of the protection forming gas into the etching chamber when 
the etching gas is not supplied, and supply a little volume of the 
protection forming gas into the etching chamber when the etching 
gas is supplied. Further, the etching apparatus may have: an 
etching chamber which stores a silicon substrate to be etched; a 
base which is arranged at a lower part in the of the etching chamber 
and on which the silicon substrate is placed; an etching gas supply 
unit which supplies etching gas into the etching chamber; a 
protection film forming gas supply unit which supplies protection 
film forming gas into the etching chamber; a decompression unit 
which depressurizes the etching chamber; and a coil which is 
arranged at a outer circumference of the etching chamber to face 
the etching chamber, also includes: a plasma generation unit which 
supplies high-frequency electricity to the coil and changes the 
etching gas and the protection film forming gas supplied into the 
etching chamber, into plasma; a base electric power supply unit 
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whicih supplies the high-frequency electricity to the base; a gas 
mass flow control unit which controls a volume of the etching gas 
and the protection film forming gas supplied into the etching 
chamber, by the etching gas supply unit and the protection film 
forming gas supply unit; a coil power control unit which controls 
electric electricity supplied to a coil of the plasma generation unit; 
and a base power control unit which controls electricity supplied to 
the base by the base electric power supply unit, and the gas mass 
flow control unit supplies the etching gas and the protection film 
forming gas consecutively and at the same time changes the 
supplied volume periodically to be supplied into the etching chamber, 
and controls the supplied volume so that phases of both gas are 
inversed. 

Still further, the etching apparatus may have: an etching 
chamber which stores a silicon substrate to be etched; a base which 
is arranged at a lower part in the of the etching chamber and on 
which the silicon substrate is placed; an etching gas supply unit 
which supplies etching gas into the etching chamber; a protection 
film forming gas supply unit which supplies protection film forming 
gas into the etching chamber; a decompression unit which 
depressurizes the etching chamber; and a coil which is arranged at 
a outer circumference of the etching chamber to face the etching 
chamber, also includes: a plasma generation unit which supplies 
high-frequency electricity to the coll and changes the etching gas 
and the protection film forming gas supplied into the etching 
chamber, into plasma; a base electric power supply unit which 
supplies the high-frequency electricity to the base; a gas mass flow 
control unit which controls volume of the etching gas and the 
protection film forming gas supplied into the etching chamber, by 
the etching gas supply unit and the protection film forming gas 
supply unit; a coil power control unit which controls electricity 
supplied to a coil of the plasma generation unit; and the base power 
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control unit which controls electricity supplied to the base by the 
base electric power supply unit, and the base power control unit 
periodically changes the electricity applied to the base. Further, 
while the base power control unit periodically changes the electricity 
supplied to the base, the base power control unit may also supplies 
lower electricity to the base when the etching gas is not supplied, 
and supplies high electricity to the base when the etching gas Is 
supplied, and nnoreover, the coil power control unit may periodically 
change the electric power applied to the coil. 

Still further, the etching apparatus may have: an etching 
chamber which stores a silicon substrate to be etched; a base which 
is arranged at a lower part in the of the etching chamber and on 
which the silicon substrate is placed; an etching gas supply unit 
which supplies etching gas into the etching chamber; a protection 
film forming gas supply unit which supplies protection film forming 
gas into the etching chamber; a decompression unit which 
depressurizes the etching chamber; and a coil which is arranged at 
a outer circumference of the etching chamber to face the etching 
chamber, also Includes: a plasma generation unit which supplies 
high-frequency electricity to the coil and changes the etching gas 
and the protection film forming gas supplied into the etching 
chamber, into plasma; a base electric power supply unit which 
supplies the high-frequency electricity to the base; a gas mass flow 
control unit which controls volume of the etching gas and the 
protection film forming gas supplied into the etching chamber, by 
the etching gas supply unit and the protection film forming gas 
supply unit; a coil power control unit which controls electricity 
supplied to a coil of the plasma generation unit; and the coil power 
control unit periodically changes the electric power applied to the 
coil. 

Note that, the coil power control unit periodically changes the 
electric power supplied to the coil, and also may supply lower 
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electricity to the coil when the etching gas Is not supplied, and 
supplies high electricity to the coil when the etching gas is supplied. 

Further, the base power control unit periodically changes the 
electric power supplied to the base, and at the sanne tinne may 
supply lower electricity to the base when volume of the supplied 
etching gas Is little and supply high electricity to the base when 
volume of the supplied etching gas is large, and the coil power 
control unit periodically changes the electric power supplied to the 
coil, and at the same time may supply lower electricity to the coil 
when volume of the supplied etching gas is little, and supply high 
electricity to the coil when volume of the supplied etching gas is 
large. 

Brief Description of Drawings 

FIG. 1 is a cross-sectional view showing, as a block diagram, 
a part of a schematic structure of a preferable etching apparatus 
according to this invention. 

FIG. 2(a) is a time chart showing a control status of SFe gas 
mass flow, FIG. 2(b) is a time chart showing a control status of C4F8 
gas mass flow, FIG. 2(c) Is a time chart showing a control status of 
high-frequency electricity supplied to the coil, and FIG. 2(b) is a 
time chart showing a control status of high-frequency electricity 
supplied to the base. 

FIG. 3 is an explanatory diagram for explaining an evaluation 
method of the embodiment. 

FIG. 4 is an explanatory diagram showing a result of the 
evaluation of the embodiment. 

FIG. 5 is a cross-sectional view showing a deep trench formed 
in silicon substrate by a conventional etching method. 

FIG. 6 is a cross-sectional view showing a trench capacitor 
formed using the deep trench formed by the conventional etching 
method. 



Best Mode for Carrying Out the Invention 

The following describes detail of the present invention with 
reference to the attached drawings. 

Firstly, a structure of an etching apparatus according to the 
present ennbodiment is described with reference to FIG. 1. Note 
that, FIG. 1 is a cross-sectional view showing, as a block diagram, a 
part of a schematic structure of the etching apparatus according to 
the present embodiment. 

As shown in FIG. 1, the etching apparatus 1 has: an etching 
chamber 2 that is made of ceramic and has a shape of a case, in 
which an etching chamber 2a is formed; a base 3 which Is arranged 
at a lower region in the etching chamber 2a and on which silicon 
substrate S to be etched is placed; a gas supply unit 7 which 
supplies etching gas and protection film forming gas into the etching 
chamber 2a; a decompression unit 13 which depressurizes the 
etching chamber 2a; a plasma generation unit 15 which changes the 
etching gas and the protection film forming gas supplied into the 
etching chamber 2a, Into plasma; a high frequency power 18 which 
supplies high-frequency electricity to the base 3; and a control 
device 20 which controls operations of respective units. 

On the base 3, a silicon substrate S is placed via using a 
sealing member such as O ring 4. The base 3 Is arranged to be 
derived from the etching chamber 2a to the outside, at the center of 
the base 3, an accessway 5, which leads to a space 5a formed 
between the base 3 and the silicon substrate S, is formed, and 
through the accessway 5, helium gas is filled and sealed in the space 
5a. Further, a coolant circulation path 6 is formed in the base 3, 
and using the coolant water (20°C) circulating through this coolant 
circulation path 6, via the base 3 and the helium gas, the silicon 
substrate S is cooled. Further, this base 3 is applied with 
high-frequency electricity of 13.56M Hz by the high frequency power 



18, thereby generating bias potential in the base 3 and the silicon 
substrate S placed on the base 3, 

The gas supply unit 7 has: a gas supply pipe 8 connected to an 
upper end of the etching chamber; and gas bombs 9 and 10 
connected to the gas supply pipe 8 via mass flow controllers 11 and 
12, respectively, so that gas whose volume is adjusted by the mass 
flow controllers 11 and 12 is supplied to the etching camber 2a from 
the gas bombs 9 and 10. 

The decompression unit 13 has: an exhaust pipe 14 
connected to a lower end of the etching chamber 2; and a vacuum 
pump (not shown in drawings) connected to the exhaust pipe 14, 
and using this vacuum pump (not shown), the etching chamber 2a is 
depressurized to a predetermined low pressure (for example, 
1.33Pa). 

The plasma generation unit 15 has: a coil 16 which is 
arranged along outer circumference of the etching chamber 2 and 
positioned higher than the base 3; a high frequency power 17 which 
supplies high-frequency electricity of 13.56 MHz to the coil 16, and 
by supplying the high-frequency electricity to the coil 16, a variable 
magnetic field is generated in a space inside the etching chamber 
2, so that the gas supplied in the etching chamber 2a is changed to 
plasma due to the electric field inducted by the variable magnetic 
field. 

Further, the control device 20 has: a gas mass flow control 
unit 21 which controls mass flow controllers 11 and 12, and adjusts 
volume of the gas supplied into the etching chamber 2a from the gas 
bombs 9 and 10; a coil power control unit 22 which controls 
high-frequency electricity supplied to the coil 16; and a base power 
control unit 23 which controls high-frequency electricity supplied to 
the base 3. 

Next, the embodiment in which the silicon substrate S is 
etched by the etching apparatus 1 having the above-described 
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structure Is described. 

Firstly, using photolithography or the like, an etching nnask 
(for exannple, a resist film or a Si02 film) having a desired shape is 
formed on the silicon substrate S, and then the silicon substrate S is 
carried into the etching chamber 2 and placed on the base 3 via the 
O rings 4. After that, helium gas is filled in the space 5a from the 
passageway 5 and seals the space 5a. Note that the coolant water 
in the coolant circulation path 6 is always circulated. 

Then, from the gas bombs 9 and 10, SFe gas and C4F8 gas are 
supplied into the etching chamber 2a, and at the same time, 
high-frequency electricity is supplied to the coil 16 and 
high-frequency electricity is supplied to the base 3. 

The gas mass flow control unit 21 controls so that the mass 
flow of the SFe gas supplied into the etching chamber 2a is, as shown 
in FIG. 2(a), changed into a square-wave shape within a range from 
Ve2 to and Vei, the mass flow of the C4F8 gas is, as shown in FIG, 2(b), 
changed into a square-wave shape within a range from Vd2 to and Vdi, 
and a phase of the SFe gas and a phase of the C4F8 gas are inversed. 
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